Summary. The ovaries of pro-oestrous rats (pubertal and adult) and hamsters were explanted in toto at various times after the preovulatory gonadotrophin surge to obtain endogenously stimulated ovaries. Subnormal numbers of ovulations from pubertal and adult rat ovaries were found when incubation was started during the period from 17:00 to 24:00 h on the day of pro-oestrus. Normal numbers of ovulations only occurred from rat ovaries in vitro when incubation was started at 01:00 h, i.e. when ovulation had already begun in vivo. In contrast, full ovulation from hamster ovaries was observed in vitro after incubation at 22:00 h and later, although the ovulatory process had not started in vivo. This difference in the ability of rat and hamster follicles to ovulate in vitro could be due to a different role of the accumulation of tissue fluid for the mechanism of ovulation.
Introduction
Ovulation in vitro has been reported for whole ovaries and ovarian fragments of mice (Fritz, Cho & Biggers, 1965; Baker & Neal, 1972) , but only after hormonal pretreatment and/or addition of hormones to the culture media. However, ovulation in vitro has been observed for hamster ovaries without hormonal pretreatment and with a higher ovulation rate if progesterone was added to the medium (Baranczuk & Fainstat, 1976) . Ovulation has not been demonstrated for rat ovaries in vitro and the present experiments were therefore designed to investigate whether ovulation could occur from whole rat ovaries in vitro. Ovaries of pro-oestrous rats (pubertal and adult) were used after the preovulatory gonadotrophin surge to obtain endogenously stimulated ovaries. Ovaries of pubertal rats were used because they differ slightly in the ovulatory process from the ovaries of adults (Osman, 1975) and may also behave differently under in-vitro conditions because of the absence of old corpora lutea.
The suitability of the experimental conditions was checked by comparison with the ovaries of pro-oestrous hamsters since they have been shown to be able to ovulate in vitro (Baranczuk & Fainstat, 1976 (Fainstat, 1972) . The culture vessels were kept in a Dubnoff incubator (shaking frequency 175/min), and gassed with 95% 02:5% C02 at a temperature of 34°C. These conditions were similar to those used by Baranczuk & Fainstat (1976 found was unreliable as a measure for ovulation in vitro: hamster ovaries (n = 5) incubated from 22:00 h on the day of pro-oestrus until 10:00 h the next morning showed 5-4 + 0-2 fresh corpora lutea whereas only 2-6 ±0-4 eggs were found in the incubation vessels. (Osman, 1975; Osman & Dullaart, 1976) , the normal mean number of ovulations per ovary was considered to be 5 for pubertal and adult rats. The same number was used for the hamster (Kent, 1968 ). An ovulation index of 0-80-1-25 was considered normal.
Statistical analyses
Values are given as mean ± s.e.m. In Exp. 1 data were assessed by analysis of variance (Winer, 1971 
Experiment 1
In-vitro observations. After incubation of ovaries from animals at pro-oestrus, ovulations were found the next morning at 10:00 h for all rat ovaries except for the pubertal ones explanted at 17:00 h (Table 1) . However, the numbers of ovulations were mostly below normal. Normal numbers of ovulations (ovulation index of 0-80-1-25) were only observed when ovaries were explanted at 01:00h, a time at which ovulation had already started in vivo. Hamster ovaries showed normal numbers of ovulations when explanted at 22:00 h or later (ovulation index 1-00-1-24).
Incubation of pubertal and adult rat ovaries caused significant weight loss independent of the time of onset of incubation. At the end of incubation (10:00 h) ovarian weight in all groups was significantly (P < 0-05) less than that in the control animals killed at that time: for all incubated groups combined the weights were 13-2 ± 0-4 mg ( In-vivo observations. A significant overaU change of the relative weight of the ovaries during the period between 10:00 h on the days of pro-oestrus and oestrus was found in pubertal rats and adult rats and hamsters (Text- fig. 1 ). The change was most marked in the pubertal rats. Ovulation started in all three groups close to the time at which maximum ovarian weight was reached. 
Experiment 2
In this experiment ovulation seemed to start süghtly earlier in vitro than in vivo in both groups of rats but not in the hamsters (Table 2) . However, a definite delay of the ovulatory process was observed in vitro. It was most marked at 02:00 h in pubertal rats, at 04:00 h in adult rats and at both 02:00 and 04:00 h in the hamster.
Loss of ovarian weight during incubation was also noted in this experiment. At 24:00, 02:00 and 04:00 h ovarian weight was significantly less in all types of animals in the incubated ovaries than in the in-vivo control ovaries. By 24:00 h ovarian weight in pubertal rats (16-5 ± 0-8 mg, = 5) was significantly less than that at the beginning of incubation (32-8 ± 2-2 mg, = 8) and 
Discussion
The present results demonstrate the suitability of the in-vitro system used by confirming the findings of Baranczuk & Fainstat (1976) that hamster ovaries are able to ovulate in vitro. Our experiments, even without the addition of progesterone, gave better results in terms of the ovulation index than did those of Baranczuk & Fainstat (1976) . This difference in results could be due to the incubation system used and/or to a difference in assessing the number of ovulations. Baranczuk & Fainstat (1976) probably judged the number of ovulations from the number of ova found in the media, but such ova could have remained unnoticed if they stuck to the wall of the incubation vessel or remained attached to the ovarian surface as shown in PI. 1, Figs 3 and 5. The rather constant number of ovulations at various times after incubation suggests that it is unlikely that the ovulation number in our experiments was higher because of mechanical damage of the follicles during explantation or the shaking procedure. The present experiments have also shown that the ovaries of pubertal and adult rats are able to ovulate in vitro. However, in contrast to hamster ovaries for which normal numbers of ovulations were found if incubation started at 22:00 h or later, full ovulation was only obtained when the rat ovaries were explanted at the time ovulation had already started in vivo, i.e. 01:00 h.
Although many factors are involved in the process of expulsion of the eggs from a follicle, the data on ovarian weight may provide one possible explanation of the different findings for rat and hamster ovaries. In the rat, ovarian weight in vivo showed a definite preovulatory increase, whereas in the hamster this increase was smaller and also started later. Moreover, incubation interfered with this increase in weight most markedly in the rat. In the hamster' incubation of ovaries from 22:00 h only slightly affected ovarian weight (see e.g. Exp. 2). The rapid preovulatory increase in ovarian weight must be due to an increase in tissue fluid derived from the blood and thus dependent on an intact vascularization. This accumulation of tissue fluid cannot develop in vitro. If physiological oedema is indeed involved in ovulation, this oedema would then be important for full ovulation in the hamster only from 20:00 to 22:00 h whereas in the rat this oedema has to be maintained until the very start of the ovulatory process.
A double role for this oedemal fluid has been suggested (Burr & Davies, 1951) : firstly, interstitial oedema in the medullary region of the ovary could exert pressure on the preovulatory follicles and thus bring them to the ovarian surface; secondly the oedema could be instrumental in causing avascular areas (stigmata) at the ovarian surface. If there is a causal relationship between the normal process of ovulation and the presence of accumulated tissue fluid, our results would indicate that the physiological importance of this oedema is different in rat and hamster. It is conceivable that in the hamster all follicles destined to ovulate are already located at the periphery of the ovary by 22:00 h, whereas in the rat only some of the follicles have reached the peripheral area at this time. This would explain the absence of full ovulation from rat ovaries after incubation starting before 01:00 h. The possibility that other unknown factors, related to the incubation procedure, act differently on rat and hamster ovarian tissue cannot be excluded. However, treatment in vivo of pro-oestrous pubertal and adult rats with indomethacin reduced accumulation of fluid in the ovary and caused a disturbance in the ovulatory process: eggs were released into the ovarian interstitium (Osman, 1977; Osman & DuUaart, 1976 
